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INTRODUCTION 
INTRODUCTION 
Powdery mildew is a disease of common occurrence on a 
variety of cultivated and wild plants across the world. The disease 
causes significant damage both on indoor and outdoor cultivated 
plants. Vegetables, cereals, pulses, ornamentals, spices, fruit trees, 
sugar crops and several other plants with high economic value are 
affected by the disease. Herbaceous crop plants to large timber 
trees are attacked by the members of the family Erysiphaceae in 
class Ascomycetes which constitute the casual organism of the 
diseaLt. They are chiefly parasites of the foliage and develop 
mainly ectophytic host-parasite relationship (Obligate parasite). 
The disease is easily recognizable due to its characteristic 
symptoms. They develop white to tanned powdery - lesions, which 
grow and coalesce to cover the entire foliar surface. This 
powder-like substance is composed of conidia, the asexual spores 
(anamorph) produced abundantly on conidiophores, sexual stage 
(telomorph) develops, though not regularly or frequently, at the 
later stage of crop growth. Some other remarkable characteristics 
of powdery mildews are their superficial hyaline mycelium, their 
haustoria in the hosts epidermal cells, their luxuriant development 
in dry weather, the high water content of turgid conidia, diurnal 
periodicity with respect to several characters, the reversible 
to 
phototropism of some species, the compatible association with 
their hosts and vulnerability to control by fungicides. 
Powdery mildews were recognized and named at least as 
early as 1753 by Linnaeus. After that the importance can be 
guessed as since 1990 we have thousands of publications on 
powdery mildews. Approximately 400 species of powdery mildews 
constitute 20-genera to form family Eryphaceae of order 
Erysiphales. Erysiphaceae reproduce asexually by means of single-
celled hyaline conidia borne on conidiophores. Conidia differ in 
shape and size from species to species. Conidia of powdery 
mildews do not require free water for germination so it does not 
requires external water. The conidia are short-lived spores. They 
germinate at very low humidity. In favourable conditions each 
conidium germinates by germ-tube, ultimately give rise to a new 
mycelium. The white powdery mildew appearance on host surface 
now changes to greyish-brown shade. Sexual reproduction 
involves the production of ascogonium and antheridium, as a 
result of reproduction, asci and ascospores are developed within 
the peritheium. The perithecium is a small more or less spherical 
structure bearing appendages which are simple, curled or branched 
at the tip. 
The powdery mildew disease appears on leaves as white or 
greyish felt like patches. These patches may enlarge and cover the 
entire leaves, fruits and inflorescence. Young foliage and shoots 
may be particularly susceptible. Leaf curling and twisting may be 
noted before the fungus is noticed. Severe powdery mildew 
infection will result in yellowed leaves, dried and brown leaves 
and disfigured shoots and flowers. Such leaves becomes chlorotic, 
deformed, causing failure of fruit setting. Although it usually is 
not a fatal disease, powdery mildew may hasten plant defoliation 
and fall dormancy and the infected plant may become extremely 
unsightly. 
Powdery mildew, as a group, attack most cultivated plants. 
Apples, apricots, almonds, barley, beans, cloves, crucifers, 
cucurbits, citrus, cotton, grapes, grasses, lettuce, peaches, peas, 
potatoes, roses, rubber, tobacco, tomato and wheat are attacked but 
carrots, celery, corn, figs, olives, onions, rice, spinach and 
sugarcane are generally not. Only angiosperms are victims, aquatic 
plants are usually not subjected. Of about 3100 host species listed 
in U.S.D.A. Index of Plant Diseases, powdery mildews are listed 
on about 1340. While powdery mildews are more common on 
cultivated than wild plants, there appears no reason to believe that 
this applies more to powdery mildews than to other plant 
pathogens. 
Individual morphologic species or biologic species have a 
much narrow host-range than does the family Erysiphaceae. The 
widest host-range for a species is that for Erysiphe polygoni of 
Salman (1900), which is listed on 357-species in 157-genera. 
Usually only one species of powdery mildew is found on a single 
host species, but there are many cases where two-species are 
known. As many as five distinct species are indicated on the same 
host species by different authors. The greatest number of species 
claimed by the same author as attacking a single host species is 
the four (Buchheim, 1928) on Caragana arhorescens, but Blumer 
(1948) cites only Erysiphe mostii on this host. Cooke (1931) gives 
four species of powdery mildew on two species of grape, but all of 
these are known commonly regarded as Uncinula necator. 
Different strains of the same species may vary greatly in 
their host-range. Schmitt (1955) found that the strain of Erysiphe 
ichoracerum on Zinnia has a great host-range than the forms 
Inula, Cerinthe, Helianthus, Phlox or cucurbits. The great 
variability of E. cichoracearum is further emphasized by the 
finding that forms on cucumber and sunflower will sometimes 
cross infect and sometimes failed. Isolates of E. cichoracearum 
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from sunflower, squash, hollyhock, dahlia, lippia, Picris echoides 
and Nicutiana offinis in Berkeley, California, have all infected 
cucumber, though not equally. The greatest experimental host 
range of a single isolate of powdery mildew is that of Erysiphe 
polyphaga, which has infected 89-species in 21-families, 
(Yarwood's Review). In farming practice, one genus of plant is 
usually not considered a source of powdery mildew infection in 
other genera, one notable exception is sphaerotheca pannosa on 
Rosa banksia which infects apricots. 
Powdery mildew infection results in chemical as well as 
morphological changes in the host. Reduced water, greater water 
soluble fractions, more silicon and lime and reduced alkaloid from 
mildew infection have been reported. Mildew infection may extend 
effects on the host which are manifested beyond the site of fungus. 
Primary bean leaves, heavily infected with Erysiphe polygoni, 
when young show less diurnal movement than normal leaves and 
tend to remain in a vertical position, even though the pulvins is 
not attacked. Infected leaves may absciss early. Allen (1942) has 
shown that Erysiphe gramimis stimulates respiration of barley 
leaves beyond the cells invaded by the fungus. 
Usually powdery mildew occur whenever their hosts are, out 
breaks of powdery mildew occasionally occur on specific crops in 
areas where the disease has not previously been found. Powdery 
mildew usually causes chronic infections which appear in 
moderate amounts every year. The most widespread and disastrous 
losses attributable to a powdery mildew were on grapes in France 
1850 caused the yield decrease of wine for about 45-million hector 
litres in early stages of the epidemic and about 10 million hector 
litres in 1854 at about the height of the epidemics. Other records 
of losses resulting from powdery mildew are; killing of barley 
upto 42 percent reduction in yield, gooseberry 61-71 percent 
reduction in yield of hops, 33-90 percent reduction in yield of 
grapes, 80 percent reduction in yield of peaches, 75 percent 
reduction in yield of cucumbers, 40 percent reduction in yield of 
clover. These are all extreme cases, and may intermediate example 
could be cited. Other aspects of damage from powdery mildews are 
their action as allergens and the injurious effect on silk worms of 
mildewed mulberry leaves used as feed. It is also suggested that 
mildewed grapes are injurious to humans and that mildewed clover 
is injurious to horses. 
Three powdery mildews species Sphaerotheca fuliginea 
(Schlecht) Poll; Erysiphe cichoracearum D.C. and Leveillula 
taurica (Lev.) Arnaud. are recognized as casual organisms of the 
disease on world wide basis. Of these, S. fuliginea and E. 
cichoracearum are known to occur in certain states of India like 
Uttar Pradesh, Bihar, Madhya Pradesh and Rajasthan (Khan et al., 
1974; Siradhana and Chaudhari, 1972). In Jammu and Kashmir 
both sphaerotheca fuliginea and Erysiphe cichoracearum are 
known to cause heavy damage to several economic plants. From a 
survey conducted by Khan et al. (1974) in Kashmir, it emerged 
that S. fuliginea was most prevalent species in the state and 
attacked a number of cucurbits like Cucurbita maxima, C. pepo, 
Cucumis sativus, Citrullus lenatus and Luffa acutangula. They 
observed telemorph of S. fuliginea on L. siceraria (=L. leucantha) 
at Wadoora and on C. maxima in Dal lake area. Sharma (1978) 
reported the occurrence of telemorph of S. fuliginea on Cucurbita 
pepo and c. maxima and telemorph on Mamordica charantiav C. 
melo var. utilissimus and Citrullus vulgaris var. fistulosus in 
Jammu area of the state. Khan (1976) after a survey in Bihar found 
that both species were present on cucurbits in the state. Telemorph 
of Erysiphe cichoracearum was found on C. grandis and of 
Sphacnolheca fuliginea on L. siceraria. He further observed that 
most severely effected cucurbit was L. siceraria {=L. leucantha) 
followed by Cucurbita moschata, Cucumis melo, C. melo var. 
utilissimus and C grandis (=C. cardifolUa). 
Anamorphs of Sphaerotheca fuliginea and Erysiphae 
cichuracearum have great similarities but teleomorphs are not 
common. Symptoms of the disease caused are also generally 
identical. Therefore, there has been a great deal of confusion 
throughout the world with regard to the identity of the casual 
organism of the disease. In recent past, some efforts have been 
made in different countries of the world including India to 
establish the correct identity of the casual species of the disease. 
In some states of India, where predominance of S. fuliginea 
has now been recognized, Erysiphe cichoracearum was considered 
as casual organism of the disease since long. In several other 
states, the verification of identity of the species involved is yet to 
be done. This situation demands a clear understanding regarding 
the number of powdery mildew species on different economic 
plants, their distribution pattern in different states and their 
relative dominance in the area. Identification of the pathogen 
responsible for powdery mildew disease in different agro-
ecological zones of the country is a matter of fundamental 
importance and of economic consequence. This information is 
essential and useful in breeding of resistant cultivars and for 
adopting other management measures for the disease. 
In the presence of telemorphs, identification of the powdery 
mildew species becomes easy but as they are rarely produced, 
thus, a great deal of confusion surrounds their identity. Anamorphs 
of Sphaerotheca fuliginea and Erysiphe cichoracearum have great 
similarities. This problem has been dealt in detailed by Hirata 
(1942, 1955), Nagy (1970), Ballantyne (1875), Boesewmkel 
(1980) and Khan (1983, 1989). Some anamorph characters have 
been utilised to differentiate Erysiphe cichoracearum from 
Sphaerothica fuliginea such as presence or absence of well 
developed fibrosin bodies also known as Corpusules de Zoff, mode 
of germination of conidia, morphology of germ tube and 
development of appresoria. The conidia of Sphacerotheca 
fuliginea ordinarily possess number of well developed fibrosin 
bodies. Fibrosin bodies are lacking or not well developed in 
conidia of Erysiph cichoracearum. This feature is claimed as more 
or less consistent but there are records of conidia of S^". fuliginea 
without fibrasin bodies (Yarwood, 1977). Conidia of Sphaecotheca 
fuliginea when germinate, a number of them form forked germ 
tubes and do not produce appressoria. In contrast, conidia of E. 
cichoracearum from simple germ tubes which develop club-shaped 
appressoria. These conidial characters have been recognized 
valuable in distinguishing the anamorphs of Erysiphe 
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cicharacearum from those of Sphaceotheca fuliginea. Shape and 
size of conidia and rate of germination have also been advocated 
for use in identification of their species (Sitterly, 1978; Khan, 
1983, 1989). 
Host specificity and host-range are also used as an aid for 
identification of plant pathogens. As Sphaerotheca fuliginea and 
Erysiphe cichoracearum have wide and overlapping host-ranges, 
therefore, it seemed difficult that host specificity may be of some 
help for establishing their identity. Khan (1978), observed that 
Coccnia cordifolia was invariably attacked by Erysiphe 
cichoracearum which was unable to infect Luffa leucantha and not 
Coccinia cordifolia. He proposed that these two cucurbits can be 
reliably used for differentiating Sphaerotheca fuliginea and 
Erysiphe chchoraceacrum. However, he suggested to observe their 
consistency by testing different cultivars of Luffa leucantha and 
Coccinia cordifolia against the races of Erysiphe cichoracearum 
and Sphaerotheca fuliginea. 
Powdery mildews effect on a large number of economically 
important families. Some families with selected genera are 
discussed below:-
A S T E R A C E A E 
The family compositae (Asteraceae) is widely distributed 
and cosmopolitan, its members constitute about 10% of entire 
population of flowering plants (angiosperms) and are met within 
all conceivable situation. Majority are mesophytes, some are 
xerophytes and others halophytes, a few live under marshy and 
hydrophytic situation. The family includes 950-genera and about 
20,000 species (Lawrence). The family in India is represented by 
about 138-genera and 708-species. It is one of the largest family 
of the flowering plants. 
Economically this family is of great importance, large 
number of plants are extremely ornamental viz. Helianthus 
annuus, Tagetes erecta, chrysanthemum coronarium. Dahlia 
variables. Zinnia elegans, Lectoca, Calendula officinalis, 
Taraxicum officinalis, Xanthium strumarium, Siegesbeckia 
orientalis etc. Some members are important as a source of food to 
raan such as lettuce, globe, artichoke, endive, salisfy etc. Many 
are noxious weeds and others are economically important. The 
family has also medicinal importance. Seeds of some species of 
Artemisia are used as Vermifuge. Salidago is used with success in 
dropsy. Sphaeranthus indicus acts as blood-purifier, whereas juice 
of Emillia sonchifolia is used for the inflammation of eyes and 
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night blindness. The roots and leaves of Taraxicum are used in 
various physiological and bowl disorder. Certain species of 
Xanthium are poisonous causing Hay fever, whereas a powder from 
the dried flower heads of chrysanthemum cinerifolium is used as 
insecticide. 
Some known members of this family are:-
1. Calendula officinale 
A genus of about 25 species of annual or perennial herbs, 
distributed on Southern Europe, North Africa and Western Asia. 
Two species occur in India, 
Calendula officinalis is a hairy annual plant. 1 to 2 feet in 
height, found wild in the NW province, Punjab and Sind and 
cultivated in many parts of India as an ornamental garden plant. 
The ligulate flavets are bright or orange yellow and when dried 
form the drug calendula. The flowers contain an amoprphons bitter 
principle, calendulin, a yellow tasteless substance analogous to 
bassorin, traces of an essential oil oleanolic acid. Marigold has a 
mild aromatic, diaphoretic, diuretic and stimulant properties. A 
tincture of the dried flowers is administered in the treatment of 
amenorrhoea and after dilution as a lotion for sprains and bruises. 
Calendula is now almost obsolete as a drug and is used to 
adulterate saffron and arnica flowers. 
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2. Chrysanthemum coronartum Linn. 
It is an almost cosmopolitan genus comprising about 300 
species of herbs and under shrubs of which a few yield the 
commercial insecticide, Pyrethnum. Several species of 
Chrysanthemum are ornamental and are grown in garden for their 
large showy, multicoloured flowers. This genus includes some of 
the most beautiful plants of Indian gardens bearing flowers with 
single or double corollas, with or without a fragrance. 
3. Dahlia variabilis Desf. 
It has immeasurable varieties that are grown as ornamental 
throughout the world. All the grown varieties go back to Dahlia 
hipinnata (D. varibilis) and Dahlia coccinea that are indigenous to 
Mexico. 
It is a small tuberous-rooted perennial herb with beautiful 
showing flowers. It is extremely cultivated all over India for 
gardening. Plants are grown as ornamental crop throughout the 
world. Analysis of tubers give certain substances such as Phytin, 
Tholin, Aspergin, Heistidin, which are used as medicine. 
4. Helianthus annuus Linn. 
An annual herb with erect rough hairy stem, 2 to 15 feet 
high. Leaves are arranged with long stalked broadly ovate to 
cordate, coarsely toothed, roughly present on both sides, flower 
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heads usually 3 to 6 inch wide but attaining 12 to 14 inch under 
cultivation. The main axis and branched receptacles are more 
frequently dilated and convex. Ray-florets yellow, surrounding a 
brown-purple centre of disc-florets. Sun flowers owe its economic 
value due to its utility as an oil seed or fodder crop. Its seeds are a 
source of an oil which is used in food preparations. It is also used 
in making soap, varnish and paint. Helianthus tuberosus 
{Jerusalem arthichake) is a perennial herb cultivated all over India 
for its edible stem, tubes, which are also used in the manufacture 
of the industrial alcohol. The plants are also grown as a forage-
crop and weed-eradicator. 
5, Xanthium strumarium Linn. 
The plant is distributed through out the world. It is a small 
shrub with broad leaves. Almost every part of the plant is covered 
with sharp-spines. It is economically very important. The leaves 
and seeds yield a yellow dye and oil is used in the footache. In 
some parts of the world the young shoots and leaves are cooked 
and eaten by men. The fruit is used to cure small pox disease. 
6. Zinnia elegans Jacq. 
It is a small herb and is grown as an ornamental crop. It is 
native of Mexico. It includes many varieties. Zinnia angustifolia is 
grown as an ornamental. 
15 
7. Taraxacum officinale 
A very common herb in the hills with yellow flowers. Heads 
ligulate. The roots and leaves are used medicinally as decoction 
and a remedy for the disorders of the bowls. It is also used as a 
favourite dish in hilly areas. 
PAPILIONACEAE 
The family papilionaceae is of considerable economical 
importance because pulses belonging to this family are important 
sources of proteins (food). Papilionaceae is the largest family of 
the order leguminales containing about 375-genera. In India, the 
family is represented by about 70-genera and 867-species. Indian 
representative of this family grow all over India, in plains as well 
as on hills upto 3000 to 8000 feet. They are also grown as 
halophytes along sea shore. The family is of great economic value. 
A large number of plants are ornamental, several are of either food 
value or of medicinal importance. Some members like Acacia 
nilotica, A. catechu, Butea and Indigofera tinctoria produce 
valuable dyes, resins and tannins. The remarkable representation 
of this family in agriculture is its use as green-manuring. The 
presence of nitrifying bacteria in the root-nodules of leguminous 
plants enable to retain the fertility of soil, as the bacteria are in 
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the symbiotic relationship with the plant so they are used by 
farmers in the rotation of crops. 
Some important members are briefly discussed below: 
1. Pisum sativum 
A small annual herb, cultivated throughout India for its 
edible seeds and fodder. The green plants, pods and hay are 
valuable as fodder. The plant is used as winter green manuring 
crop for getting atmospheric nitrogen in soil. 
Pea is rich in protein, enzymes, minerals and vitamins, pea 
oil is used as intramuscular injection for preventing pregnancy. 
2. Phaseolus aureus (Vern. Mung) 
A cultivated very ancient legume of India. It is an important 
crop. The small oval seeds are highly nutritious and the green pods 
are also eaten. Over a hundred kind of mung beans are grown in 
China and other Asian countries. In USA, mung bean is grown as a 
forage plant. 
3. Cicer arietinum (Vern. Ghana) 
An erect or spreading much branched annual herb, cultivated 
in India during winter months. Gram is the most important pulse 
crop in India, ranking fourth among the grain crops in acreage and 
production. The main producing areas are the upper basin of the 
Ganges and the adjacent tracts of the Central India and the Central 
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Province. Grain is the chief food crop for the people, diabetic 
patients and for catties. Gram is a nutritive pulse extensively used 
as a protein adjacent to starchy diets. The plants when growing in 
fields exude an acidic liquid containing oxalic acid, acetic acid 
and malic acid. This can be obtained by collecting the dew from 
foliage. 
4. Phaseolus vulgaris (Rajmah) 
A sub-erect or twining annual, native of tropical America 
and now grown extensively throughout warm regions of the world. 
French beans are mainly used as a vegetable in the unshelled 
condition or as a pulse in the shelled condition. The pods which 
are discoloured or otherwise unsuited for human consumption are 
fed to livestock. 
The beans (seeds) can be used after drying in the same way 
as other pulses. Dried beans commonly marketed under the name 
"Rajmah" are used in the same way as cowpea and gram. They are 
consumed after cooking and mixing with salt and condiments. 
Beans contain high percentages of both proteins and carbohydrates 
and rank high in calorific value. They compare closely with meat 
as a source of protein. Beans are best suited for manual workers or 
for growing children, but should be eaten in moderation by 
persons who lead sedentary lives. 
The straw from the plant can be fed to cattle, sheep and 
horses. It is satisfactory as a part of the roughage when fed with 
good hay and is comparable to corn or sorghum fodder in nutritive 
value. 
The green pod shells are reported to contain traces of a 
cyanogenetic glycoside, and an unidentified substance which 
reduce the blood sugar level. They are useful as a diuretic, 
especially in kidney and heart ailments and as an adjurant in mild 
cases of diarrhoea. 
5. Rohina pseudoaccacia 
A medium sized, thorny tree, reaching a height upto 30m, 
and a girth of 2.8m. In Jammu and Kashmir, the tree was 
introduced for ornamental purposes 50 years ago, and gradually it 
assumed importance for soil conservation and afforestration in the 
western Himalayas. It is a fast-growing tree and is easy to 
cultivate. It yields fodder and timber, and is a source of nectar for 
bees. The tree is useful for farm-factory. 
POLYGONACEAE 
Polygonaceae (black-wheat family) generally consists herbs 
rarely shrubs or trees. The family contains about 32-genera and 
800-species mostly distributed in temperate countries. The 
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representatives of the family also show their presence as 
ornamentals and having good food value. From the seeds of buck-
wheat (Fagopyzm), flour is prepared which is used in fasts. Rumex 
is used as fodder and also as substitute for Rhubarb (Rheum) 
whose roots are eaten. Some are used as vegetables. Certain 
members of the family are common weeds in the hills as well as in 
plains. 
Some known genera of polygonaceae are as under: 
1. Polygonum aviculare (Kashmiri-Drop) 
A highly variable annual herb, with prostrate stems and 
branches, up to 60cm high, distributed from Kashmir to Kermaun, 
at altitudes of 1,800-3,600 meters. 
The herb is eaten as a vegetable and is also used as fodder 
for cattle and sheep. It is reported that the milk from the animals 
fed on the herb tastes bitter. The herb is known as Hunters Tea or 
Homerian Tea. It is said to posses astringent, toxic, antipyretic, 
antiseptic, diuretic haemostatic and vermifuge properties. It is 
used in treatment of diabetics, rheumatism, fever and external and 
internal ulcers. A decoctin of the herb is given in dysentery, 
diarrhoea, bronchitis and bleeding piles and to check profuse 
menses. Intravenous injection of an aqueous alcoholic extract of 
leaves lowered blood pressure in cats, rabbits and dogs. The 
20 
extract may prove useful as a haemostatic agent. The seeds are 
aromatic and are powerfully emetic and cathartic. 
The herb also contains tannis, mucilage sugars, oxalic acids, 
silicic acid, chlorogenic acids, avicularin and several other 
flavonoids and polyphenols. 
2. Polygonum orientate 
A tall, hairy annual herb or under shrub, found in wet places 
from Kashmir to Assam and in Madras, ascending up to an altitude 
of C. 2000m. The herb is used as a tonic and vulnerary. The nuts 
are prescribed for the treatment of tubercular swellings and 
flatulence. The leaves yield flavone glucosides, orientoside and 
orientin which on hydrolysis give the aglycones apigenin and 
luteolin, respectively. The stem contains tannic acid, phenolics 
compounds and saponins. Extracts of the dried stem stimulate 
respiration and produce a temporary rise in blood pressure in 
anaesthetized dogs. 
3. Rumex nepalensis 
A tall robust annual or perennial 60-120 cm high, found in 
temperate Himalayas from Kashmir to Bhutan and in the western 
ghats, Nilgiri and Palni hills. Its leaves are rubbed over the 
affected areas of stings of stinging nettles. In Malagasy an 
infusion of leaves is given in colic and applied to syphilic ulcers. 
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An infusion roots with those of Rhynchosia sublobate is drunk to 
cure dysentery. The plant is also used as an important fodder. 
ROSACEAE 
Rosaceae consists of herbs, shrubs or trees. The family 
consists of about 115-genera and 3200 species (Lawrence) of wide 
distribution in temperate regions. The family is of great economic 
importance on account of its contribution to the pleasure and 
service to the man-kind. Many fruits such as apples, peas, 
apricots, almonds, cherry, straw berries etc., forms the backbone 
of the economics of certain regions like Kashmir valley and 
Himachal Pradesh. The medicinal value of certain family members 
is also notable one. Petals of common rose provide Ark Gulab" 
used in eye-disease and as perfume. Potentilla fructioosa gives 
potential drugs. Roses are grown in gardens and is much valued 
for its flowers that various species have been produced by 
hybridisation. R. engaltaria from Dras is interesting one. 
Some members of the family are: 
1. Rosa Linn. 
A large genus of erect, sarmentose or climbing shrubs widely 
distributed in the temperate parts of the northern hemisphere and 
on tropical mountains. The rose often referred to as the "Queen of 
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flowers" is used for purposes of decoration during festivals and 
for personal adornment. The flowers are strung into garlands and 
offered in temples during worship. The bulk of Damask rose 
flower is used for the production of rose water. Small quantities 
are consumed in preparing attars, gulkand and hair oils. Yellow 
and red roses contain appreciable amounts of flavonal mixtures as 
glycosides, kaempferol and quercetin. 
2. Pyrus malus (Apple) 
A genus of small deciduous trees of the north temperate zone 
distributed in both hemispheres. Apple is a commercial crop in the 
hilly areas of Kashmir valley, Kullu and Kumaon. In Kashmir, 
apple industry is considered as the backbone of their economics. 
Apples are generally taken as fresh fruits but may be preserved for 
later use after slicing and drying. They are also canned and jams 
and jellies are made from them. Juices is used fresh or after 
fermentation into cider, wine and vinegar. Apples are considered 
valuable as anti-scorbutic fruits. They are rich in protein and are 
useful in diarrhoea. Apple murraba is regarded as a stimulant for 
the heart providing relief to the physical heaviness and mental 
strain. Apple wood has also numerous economic values. It is used 
principally for tool handles, pipes, knobs, mallet heads, rulers, 
cans and turnery. 
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Environmental Relationship of Powdery mildews 
The effects of various environmental factors on powdery 
mildews vary from species to species. The factors that have 
general effect on powdery mildews are mainly temperature, 
moisture, light and wind. Besides these factors the effect or role of 
other environmental factors such as atmospheric pressure, smoke, 
air circulation and soil fertility on the powdery mildew 
development is also noticeable. The effect of different 
environmental factors on powdery mildews has been extensively 
studied by the Graf Marin (1934), Cherewick (1944), Yarwood 
(1957) and Schnathorst (1965). It was Yarwood (1957) and 
Schnathorst (1965) who observed that generally development of 
powdery mildew was favoured by warm humid weather. Out of the 
above mentioned environmental factors, temperature and moisture 
are considered to having great influence or effect on the powdery 
mildews. 
Temperature relations of powdery mildews have been 
reviewed time to time. The optimum ranges from about 11-28°C 
for different studies of different species and averages about 22°C. 
Erysiphe graminis has probably the lowest optimum of the group. 
The tolerance of powdery mildews to heat is usually lower than 
that of their hosts and it is possible by host treatment to free 
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plants of mildew without host injury. Since temperatures of 40°C 
are not unusual where powdery mildews prevail, it is likely that, 
because of microclimatic variations and the cooling effect of 
transpiration on leaves, the actual temperature at the leaf surface 
is lower than that of the meteorological record. It is a common 
opinion that alternating high and low temperatures favour the 
growth of the mildew fungi and also favour the perithecium and 
ascospore formation. 
It is not certain that temperature is a major factor in the 
geographical distribution and severity of powdery mildews, but it 
is certainly suspected. The greatest incidence of the powdery 
mildews of apple, rose and grape in the coastal areas than in the 
interior valleys could be due to the lower summer temperature of 
the coastal areas. 
The conidial temperature for germination of conidia of 
different strains of Erysiphe cichoracearum ranged between 5-
35°C, Levykh (1940), Schnathorst (1960), Morrison (1961) from 
lettuce was highest at 18°C. Schnathorst (1960) suggested that for 
infection temperature was 6-10°C (minimum), 18°C (optimum) and 
27°C (maximum) respectively. 
Moisture is the another important environmental factor 
which influence the germination of conidia, infection and growth 
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of powdery mildews, formation and maturation of perithecia. The 
relation of moisture to the disease powdery mildews has been one 
of the most controversial aspects of powdery mildews species. 
Supplementary observations which support the germination that 
powdery mildews are favoured by dry weather are the mechanical 
change to powdery mildew conidiophores by rain, the poor 
germination of spores in water, growth of germ tubes away from 
the free surface, greater production of spores under moderate than 
under high relative humidities, the greater germinability of spores 
produced under low than high atmospheric humidity, the greater 
incidence of powdery mildew conidia in the air in dry than in 
rainy weather. 
Related to the environmental factors, the more controversial 
aspect is relative humidity. It plays an important role for the 
germination of conidia, however, from the trials of many workers 
it is observed that the R.H. of the atmosphere has had only a slight 
effect on the powdery mildew development. The most impressive 
evidence of the tolerance of powdery mildews to low atmospheric 
humidity is the germination of conidia at relative humidities 
approaching zero (O.R.H.), Yarwood (1936), Brodie and Neufeld 
(1942), Clayton (1942) and Delp (1954). The explanation is 
probably the higher water content of the conidia and their 
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extremely efficient system of water conservation. But Hashioka 
(1937) found that conidia of Sphearatheca fuliginea from 
cucumber germinated between 15-85 percent relative humidity. 
Tafradzhiiski (1963) reported that conidia of the same host of 
Sphaerotheca fuliginea germinated best at 94 percent relative 
humidity but failed to germinated in drops of water. 
Deslandes (1954) observed that 85 percent relative humidity 
was optimum for infection and sporulation in powdery mildews, 
Schnathorst (1960), Morrison (1961, 1964) reported that the 
germination occurred slightly below the saturation, optimum 
relative humidity ranged between 6-68 percent for tobacco strains 
(Minev, 1957), 95.6-98.2 percent for cucurbit strains 
(Tafradzhiiski, 1963). Rossouw (1959) reported the germination of 
conidia of both at zero percent and 100 percent relative 
humidities. It is also observed that the free-water inhibits the 
germination of conidia (Morrison, 1961, 1964) while Deslandes 
(1954) reported that the conidia of lettuce strains of Erysiphe 
cichuracearum were able to germinate in free water. Schnathorst 
(1960) observed that moisture stress gave highest germination of 
conidia of lettuce strains oi Erysiphe cichoracearum. 
It IS considered that both infection and incidence of powdery 
mildews were severe under dry condition than wet climatic 
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conditions. It is also reported that high relative humidity favoured 
the incidence of powdery mildew. Schnathorst (1959) reported that 
the growth of mycelium was abnormal when a film of moisture 
was present on the surface of the epidermis. However, Salmon 
(1903), Moseman et al. (1957) reported that free water was 
essential for the maturation of ascospores. The conidia of powdery 
mildew have been found to germinate at a wide range of pH but 
highest germination was observed between 6.6-7.0 pH (Yarwood, 
1957). 
The time of collection of conidia also influence its 
germination. It is reported by Yarwood (1936) that the highest 
germination of conidia of Erysiphe polygoni occurred when the 
spores were collected in the afternoon but decreases with the onset 
of the darkness and least germination was observed in early 
morning. It is suggested that regular alternation of light and dark 
periods may be responsible for expression of this phenomenon. 
Jhooty (1971) was of view that alternation of light and dark 
periods may not be the basic cause of this phenomenon but is 
certainly, influenced the onset of low and high cycle in 
germination of conidia oi Erysiphe polygoni. 
Different environmental factors also influence the 
production of perithecia (Yarwood, 1957). Biolotti (1907), 
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Buchheium (1928), Blumer (1948) reported the low temperature 
and low relative humidity favoured the development and formation 
of perithecia in powdery mildew. Cherewick (1944), Arya and 
Ghemawat (1954) and Schnathorst (1959), reported that the 
formation and maturation of perithecia and ascospores in Erysiphe 
graminis and Erysiphe cichoracearum are favoured by alternating 
moderate and low temperatures. Thus observations led to conclude 
that the perithecia rarely developed in tropics. However, in India, 
a large number of perithecial development had been observed in 
powdery mildew fungi, even during monsoon season (Patwardhan, 
1965). 
Besides temperature and moisture, light also play an 
effective role in the development of powdery mildews. The more 
luxurious development of powdery mildews in shade than in full 
natural light, has been observed by many, though the opposite 
observation has also been recorded. Part of the favoured effect of 
the shade could be due to reduced temperature and increased 
humidity, which normally prevail in shade. Direct effects of light 
on powdery mildews are increased germination, positive or 
negative phototropism of the germ tubes, and positive 
phototropism of the conidiophores in white light. 
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Mildew severity on plants increased with duration of light 
Lipto a point and then decreases. Yarwood (1977) found that the 
average length of hyphae per colony at 48-hours after inoculation 
at 24°C was about 700^ for plants in continuous darkness, 1070|i 
for 4-hours day (4-hours light, 20-hours darkness), I620[i for 8-
hours day, ISSOfr for a 12-hours day, 1620|i for a 20-hours day 
and 1500|i for continuous light. The number of appressoria per 
colony was 3.3 in continuous darkness, 10.4 in a 12-hours day and 
2.1 in continuous light. 
Light may effect powdery mildews through its effect on the 
host. The greater germinability of conidia produced on plants in 
light than in darkness or reduced light could be effected by light 
on the host or on the positive. It has been reported that 
conidiophores are positively phototropic to white-light. Some 
workers also observed that light has an effect on the maturation of 
appressoria of Erysiphe graminis. 
The role of other environmental factors such as atmospheric 
pressure, smoke, air circulation and soil fertility can not be 
ignored. It is observed that conidia of Erysiphe graminis 
germinated more rapidly at reduced atmospheric pressure than at 
normal pressure. The sulfurous acid fumes also reduce powdery 
mildew severity whereas the greater severity of powdery mildews 
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in green house is due to the reduced air circulation. It is 
commonly believed that mildew severity is closely and positively 
correlated with plant vigor and that any soil or other factor which 
promotes vigorous plant growth favours mildew susceptibility 
(Arnaud and Arnaud, 1931, Smith and Blair, 1950). Powdery 
mildew development is usually reduced by low nitrogen and high 
potassium and is less effected by phosphorus. Laibach (1930) and 
Homma (1937) reported that low nutritive conditions of host 
favoured the perithecial development. High pH favoured cowpea 
mildew and wheat mildew. 
REVIEW 
OF 
LITERATURE 
REVIEW OF LITERATURE 
Powdery mildews (Erysiphaceae) is a clearly defined family 
of obligatory parasitic ascomycetous fungi which grew principally 
on the foliage of angiosperms and cause damage on a wide variety 
of crops. Some of their marked characters are their superficial 
hyaline mycelium, haustoria in the epidermal cells of their hosts, 
luxuriant development in dry weather, the high water content of 
their large turguid air-borne conidia, diurnal periodicity with 
respect to several characters, the reversible phototropism of some 
species, the compatible association with the hosts and 
vulnerability to control by fungicides. The disease is easily 
recognizable due to its characteristic symptoms. They develop 
white to tanned powdery lesions, which grow and coalesce to 
cover the entire foliar surface. This powder-like substance is 
composed of conidia, the asexual spores (anamorphs) produced 
abundantly on erect conidiophores. Sexual stage (telomorph) 
develops, though not regularly or frequently, at the later stage of 
crop growth. 
The members of the families Asteraceae, Rosaceae, 
Papilionaceae and Polygonaceae are attacked by different 
pathogens such as viruses, fungi, nematodes, bacteria etc. causing 
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various diseases. Among these, the powdery mildew, a fungal 
disease, is more prevalent on several members of these families. 
Linnaeus (1953) recognized and named the word powdery 
mildew for the disease, the pathogen which causes powdery 
mildew comes under family Erysiphaceae. The members of the 
family are easily recognizable due to the formation of a white-
powdery appearance, the production of enormous number of 
hyaline conidia on the surface of the host, can be seen by naked 
eyes. 
Powdery mildews are obligate parasites, principally grow on 
foliage of angiosperms and cause sever damage on large scale to 
the various economical plants. The fungus attack stems, flowers 
and fruits. Firstly the fungus shows very mild infection by 
producing small white-patches on the host which later on becomes 
chlorotic and kill the entire plant as a result of sever infections. 
Fruits of infected plants ripen pre-maturely and lack the texture, 
flavour and sugar-content. Sometimes fruits remain smaller in size 
or even do not set. The pathogen is characterized by their 
superficial hyaline mycelium and haustoria in the epidermal cells 
of the hosts. Large number of cultivated and wild species of 
different families have been recorded as the hosts of the members 
of the Eysiphaceae. Due to this disease a considerable amount of 
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damage has been recorded time to time. Jagger (1926), Milbrath 
(1927) and Mckeen (1954) reported heavy losses in the yield of 
muskmelon due to powdery mildew, whereas, Szembel (1930) and 
Tafradzhiiski (1959) reported that powdery mildew was 
destructive to cucumber. Jenson (1957) showed that powdery 
mildew caused 42 percent reduction in yield of barley. Murphy 
(1930) reported that due to powdery mildew gooseberry crop 
rendered warthless, later on Cork (1965) reported that the 
reduction was of 83 percent in gooseberry. 61 to 71 percent 
reduction in yield of hops was reported by Blodgett (1913) and 
Masters (1855). Powdery mildew also causes heavy losses on 
grapes 33 to 90 percent reduction in yield reported by Arnaud 
(1921), on peaches upto 80 percent by Fikry (1936), on clover 40 
percent (Horsfall, 1930) and upto 75 percent reduction in yield of 
cucumbers by Szembel (1930). Heavy losses due to this group of 
fungi had also been reported by Cannon (1962) on potatoes, on 
mint (Ganguly and Pandotra, 1963-64), on tobacco (Wober, 1960 
and Cole, 1964) and by Moore (1956) on peppers. 
Sharma and Choudhary (1980) described powdery mildew 
fungus Erysiphe biocellata Ehrenb. on Ocimum sanctum L., an 
important religious and medicinal plant in India during winters of 
1978 and 1979 in J&K. 
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Reddy and Reddy (1980) reported new host records for 
Sphaerotheca fuliginea in the Capparideceae and Euphorbiaceae 
and for Levetllula taurica and Erysiphe cichoracearum in the 
Eupharobiaceae from Andhra Pradesh (India). 
Mimaud (1980) reported some powdery mildews of 
ornamental trees and bushes. Symptoms of and measures against 
Microsphaera alphitoides on Oak, Sphaerotheca pannosa var. rosa 
on rose, S. pannosa on cherry laurel, Microsphaera euonymi-
japonici on Euonymus, Podosphaera oxyacanthae on Crataegus, 
Erysiphe lagerstroemia on Lagerstroemia and M. syringae on lilac 
are described. 
Chitale et al. (1981) reported the cleistothecial stage of 
Erysiphe polygoni DC. on lentil {Lens esculentus Moench) along 
with its asexual stage during a survey in March. 
Mikolajska and Dynowska (1982) included 53 species of 
Erysphales collected on the Masurian Lakeland (N.E. of Poland) in 
their studies. Most of these are common in our country. Erysiphe 
lythri on Lythruns salicaria is seldom met. Some other powdery 
mildews were found on host plants, where they appear rarely or 
are found only in some regions of Poland. 
Paul and Kapoor (1982) reported that two host species were 
found with perithecia which were indentified as of Leveillula 
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iaurica (Lev.) Arn. The specimens examined were Physalis 
peruvianusn L. Leg. And Senecio chryanthemoids DC. Leg. 
Mahrshi et al. (1982) screened 136 pea varieties/cultivars 
against powdery mildew {Erysiphe polygoni DC.) and rust 
(Urumyces fabae (Pers.) de Bary) diseases under natural 
epiphytotic disease conditions, during 1977-78, 1978-79 and 1979-
80 at Jaipur. None of the varieties was found completely free from 
any of the two diseases under test. However, two varieties viz. P-
185 and P-6588 were resistant (rating 0.1-1.0) against powdery 
mildews. Varieties B-5, B-572/12/16, B-73/48/50, C-12, GC-141 x 
MF X Arkel, P-388, P-6587, Alaska were resitant, Alderman, Giant 
marrow fat, Morning star, Multifizer, Wisconsis were moderately 
resistant (rating 1.0-2.0) where as 46 were moderately susceptible 
and 74 were susceptible. 
In India, identity in Erysiphe has mainly been based on 
Salmon's concept. According to Blumar E. polygoni is an 
aggregate comprising many individual species. Erysiphe polygoni 
as described from India was found to comprise 8-species viz; 
Erysiphe berberidis, E. betae, E. herablei, E. martii, E. pisi, E. 
polygoni, E. ranunuculi and E. salviae (Paul and Kapoor, 1983). 
Srivastava and Kumari (1983) reported powdery mildew 
caused by Microsphaera alphistoidas Griff, on Oak {Quercus 
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incana Roxb.) from Pauri Garhwal during Oct. 1981. The 
occurrence of M. alphistoidas on Oak has not been reported till 
than from India. 
Bhardwaj and Singh (1984) carried out cross inoculation 
tests with Erysiphe pisi from peas, to determine its host-range on 
some leguminous hosts in Kangra valley of Himachal Pradesh. 
Field grown plants of Cajanus cajan (cv. HPA092), Cicer 
arietinum (cv. C-235); Crotolaria juncea (cv. Local); Lathyrus 
odoratus (cv. Local); L. sativus (cv. Hans); Pisum arvense (cv. 
HPP-6); P. sativum (cv. HPP-1 and Arkal); Trigonella foenum-
graecum (cv. Local); Vigna mungo (cv. Kulu-4); V. radiata (cv. 
Pusa Baisakhi); V. umbellata (cv. Local) and naturally growing 
plants of Lathyrus aphaca and Medicago polymorpha were kept 
under observation for the appearance of powdery mildews. Under 
natural conditions Oidium state of powdery mildew was observed 
on Crotolaria junceae; Lathyrus aphaca; L. odoratus; L. sativus; 
Lens esculentus; Lespedeze sp; Medicago polymorpha; Pisum 
arvense; P. sativum; Trigonella foenum-graecum, Vigna mungo; V. 
radiata and V. umbellate resembled with Erysiphe pisi. Studies on 
pathogenecity of powdery mildew strains from peas on commonly 
occurring legumes in Kangra valley revealed that it has a wide 
host range. Out of 26 host cultivars, 19 were found susceptible. 
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Out of these, heavily sporulating colonies with thick mycelial mat 
were found on Cajanus cajan (cv. HPA-92); Cicer arietinum (cv. 
C-235); Clitoria biflora, Crotolaria juncea (cv. Local); Lathyrus 
aphaca (cv. Wild); L. odoratus (cv. Local); L. sativus (cv. Local); 
Lens esculentus (cv. HPL-5); Macroptilium atropurpureum (cv. 
HPP-6); P. sativum (cv. HPP-1); Trigonella foenum-graecum (cv. 
Local); Vicia sativa (wild); Vigna mungo (cv. Kulu-4) and V. 
umbellata (EC.878900), whereas colonies were sparsely 
sporulating on Sesbania aculeate, S. aegyptica, Vigna umbellate 
(cv. HUP-51); Dolichos lablab. Glycine clearance, G. tunaro, 
Phaseolus vulgaris (cv. Hans), Trifolium alexandrium and Vigna 
unguiculata did not show presence of any visible colonies. 
Mital and Akram (1985) reported that Cucumis sativus 
(Cucumber) is a common host for Erysiphe cichoracearum DC. 
and Sphaerotheca fuliginea (Schlecht) poll under Indian 
conditions. 
Sharma (1986) described the perithecial stage of two 
powdery mildew fungi. One of these Microsphaera himalayansis is 
a new species causing a mixed infection along with Phyllactinia 
fraxini DC. on the leaves of Juglons regia L. whereas 
Podosphaera clandestina [(Wallr.)Fr.] Lev. on Crataegus 
monugyna Jacq. Constitutes a new host record from India. P. 
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clandestina causes a mixed infection along with Phyllactina 
mespeli on living leaves of Crataegus monogyna. 
Molot and Leecoq (1986) described that Sphaerotheca 
fuliginea and Erysiphe cichoracearum are the only powdery 
mildews of major economic importance on cucurbits in France. 
Ways of identifying the spp. from the shape of spores or 
appressoria, postion of germ tube and presence of fibrosin bodies 
in conidia are reviewed. Growth and sporulation of E. 
cichoracearum seem to be favoured by dry conditions, while S. 
fuliginea requires more humidity and often attacks crops under 
cover. In the glasshouse, good plant nutrition appears to favour 
development of S. fuliginea, while susceptibility seems to be 
reduced by virus infection. In spite of some host specificity, cross 
contamination between different hosts can be observed. 
El-Ammari and Khan (1987) reported from Libya that of the 
3 species occurring on cucurbits, Sphaerotheca fuliginea was the 
most frequent and predominant on both indoor and outdoor crops. 
The perithecial stage was observed on squash. Erysiphe 
cichoracearum and Leveillula taurica were found at the conidial 
stage on indoor cucumbers at a few locations. 
Khan and El-ammari (1987) reported the occurrence of three 
species of powdery mildews on cucurbits from Libya. Evidence is 
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presented of the occurrence of Erysiphe cichoracearum, Leveillula 
taurica and Sphaerotheca fuliginea during a survey of powdery 
mildews on cucurbits, making Libya one of the few countries 
where ail three pathogens are present. S. fulginiea is predominant, 
infecting all the cucurbits grown in the country, E. cichoracearum 
and L. taurica were present on indoor cucumbers. 
Khan (1987) from Libya reported 20 species belonging to 5 
genera {Erysiphe, Sphaerotheca, Podosphaera, Leveillula and 
Uncimilla) on 74 host species. In addition a few Oidium species 
have been recorded on various hosts. Erysiphe species 
predominates. The most serious diseases affected grape vine, 
cereals, cucurbits and peas but other vegetables as legumes, fruits, 
ornaments and weeds were also affected. 
Paul and Kaul (1987) reported new records of powdery 
mildews from India on Vicia hirsute, Rubia cordifolia, Galium 
aparine. Aubergine and Strobilanthes sp. were identified as 
Erysiphe pisi, E. galii, Sphaerotheca fuliginea and Euoidium 
strobilanthii sp. nov. respectively. 
Perwez and Akram (1987) during a survey of powdery 
mildews on compositae at Aligarh, Vernonia cinerea Schreb. was 
found to be infected by Erysiphe cichoracearum a new host from 
India. 
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Gorlenko (1987) described the presence of Erysiphe trifolii 
on Rohinia pseudoacacia, Microsphaera palczewskii on Caragana 
arborescene, E. cichoracearum on Camlanula bononiensis and 
Uncinula bicor(n)is on Acer negundo from the Moscow district. 
Zakaullah et al. (1987) reported new hosts of some parasitic 
fungi from N.W.F.P., northern areas and Azad Kashmir. From 
surveys made in 1986 and 1987, 12 fungi were recorded 
parasitizing 12 new hosts, including timber species orchard plants, 
condiments, medicinal herbs and weeds. Data are given on habitat, 
locality and collection data with a brief description of the fungi. 
There were 5 types of diseases: powdery mildews (Ascomycetes) -
Erysiphe pisi on leaves of Robinia pseudoacacia, E. vanunculi on 
leaves of Clematis graveolens, E. galeopsidis on leaves of 
Pleciranthus rugosus, E. cichoracearum on flowers of Magnifera 
indica, Sphaerotheca ferruginea on leaves of Conyza bonariensis, 
Phyllactinia corylea on leaves of Populus xeuramerica (P. 
canadensis) and Uncinulla necator on branches and leaves of Vitis 
vinifera. 
In the central region of Venezuela, Nelly (1988) described 
specimens of fungi causing powdery mildew on 13 ornamental 
hosts belonging to 8 different botanical families. Based on the 
croscopic examination of these collections, detailed descriptions mi 
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and illustration of the observed fungi were given. The taxonomic 
affinity was established by using conidiophores and conidia 
characteristics with emphasis on type of germination as 
classification criteria of this group of fungi according to the 
modern concepts. The pathogens were identified as Sphaerotheca 
fuliginea on Impatiens balsamania, Phyllactinia sp. on Crescencia 
ciijete, Tabebuia rosae and T. chrysantha. Erysiphe cichoracearum 
on Dahlia pinnata. Zinnia elegans and Helianthus annuus, 
Uncimils australiana on Acaliphe wilkesiania and Legerisstroemia 
indica, Ovulariopsis sp. on Cassia siamea. Erysiphe polygoni on 
Cassia moschata, Sphaerotheca pannosa on Rosa sp. and 
Microsphaera polonica on Hidrangea macrophylla. 
The cleistothecial formation of Erysiphe polygoni DC. on 
pea, which is of rare occurrence, has been recorded consistently on 
pea crosses. The project stage was observed in regarding 
population of pea in resistant plants alone by Mandloi et al. 
(1988). The cleistothecial formation is related to host nutrition 
rather than environment. 
Bagyanarayana (1989) from Hyderabad in Andhra Pradesh, 
India collected some new additions to the powdery mildews 
(Eryisphales). These were Microsphaera pseudolonicerae (Solro) 
Blumer, on the living leaves of Cocculus hirsutus. Microsphaera 
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trifolii (Grev.) U. Braun on the living leaves of Tephrosia 
purpurea; S. fusca (Fr.) Blumer on the living leaves of Physalis 
sp. and Oidium indigoferae Yen. 
Grigalyunaite (1989) from Lithuania SSR recorded some new 
species of powdery mildew fungi, viz. Sphaerotheca fugas, S. 
fuliginea, S. fusca, S. macularis, S. pannosa, Sphaerotheca sp., 
Podosphaera leucotricha, Erysiphe biocellata, E. cichoracearum, 
E. communis, E. fischeri, E. gallopsidisi, E. graminis, E. heraclei, 
E. polygoni, E. ranunculi, Microsphaera lonicerae, Oidium violae 
and Oidium sp. These were found on 48 new species and 4 
varieties of decorative, vegetable, fodder and wild plants. 
Perwez and Akram (1989), during the survey of powdery 
mildews at Aligarh and its adjoining areas, collected 6 species 
belonging to 3 genera of powdery mildews on 14 hosts. These 
species of lErysiphaceae were; Erysiphe cichoracearum DC on 
Helipterum sp. DC; Helianthus annuus L.; Dahlia variabilis Desf., 
Zinnia elegans Facq. and Vernonia cinerea Less., Erysiphe martii 
Lev. on Lathyrus odoratus L. and Melilotus alba Desf. 
Sphaerotheca fuliginea (Schlecht.) poll on Dimorphotheca sinuate 
D C , Oidium oxilidis McAlp. on Oxalis corniculata L., Oidium 
chrysanthemi Rabewh. on Chrysanthemum carinatum Schonsb.; 
Oidium erysiphoides Fr. on Bellis perenuis L. and Oidium sp. on 
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Brachycome iberidifolia Benth; Gamolepis tagetes DC. and 
Kriganellia reticulata Baill. 
During Sep.-Apr. 1985-87, Perwez and Akram (1989) 
identified 14 hosts at Aligarh belonging to 3 genera of Erysiphales 
included Erysiphe cichoracearum on Helipterum, sunflowers, 
Dahlia variabilis {D. pinnata). Zinnia elegans and Vernonia 
cinerea; Erysiphe martii on Lathyrus odoratus and Melilotus alba; 
Sphaerotheca fuliginea on Dimorphotheca sinuata; Oidium oxiltdis 
on Oxalis corniculata; 0. chrysanthemi on Chrysanthemum 
carinatum; 0. erysiphoides on Bellis perennis and Oidium sp. on 
Brachycome iberidifolia, Gamolepis tagetes and Kriganelia 
reticulata. 
The strategy of powdery mildew progression in pea as well 
as intensity and extent of damage at the level of individual has 
shown a high level of incidence and comparatively low profile of 
severity. The disease progression was observed by Shastree et al. 
(1990) m all target populations with an average incidence of 80.5 
percent. Average mean gross severity at the level of individual 
was 34.19 and was 1.33 times more than the loss exhibited by pod 
weight. 
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Hasagoudar (1990) described newly Odium malachrae on 
Malachra capitata and Oidium rosacearum on young leaves of 
Rosa indica. 
Hosagoudar (1991) gave an account of 13- anamorph of 
powdery mildews. Oidium abutili, 0. kydiae, 0. moringae and 0. 
passifloracearum were new species. 0. abelmoschii, 0. 
azadirachtae, 0. clitoria, Sphaerotheca crotonis are described and 
illustrated in detail. 0. bixae and 0. cassiaehirsutae are reported 
for first time from India. Erysiphe sikkemensis and Sphaerotheca 
balsaminae were reported for the first time from South India. The 
new name O. ramakrishnanii proposed based on O. phyllanthis and 
neotype is chosen. 
Plenk et al. (1991) described the presence of powdery 
mildew fungi in the domestic garden; Sphaerotheca pannosa on 
roses, Oidium {Microsphaera) begoniae on Begonia, 0. 
chrysanthemi on Chrysanthemums, O. syringae on lilac, M. 
lonicerae on Lonocera, Erysiphe martii on lupins, E. nitida on 
peonies (Paeonia), E. cichoracerarum on phlox and cucumbers, E. 
heraclei on parsley, E. pisi on peas, S. mor-uvae on gooseberries, 
Podosphaera leucotricha on apples, S. macularis on strawberries 
and P. tridactyla on apricots. 
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Maloy (1991) reported the presence of Erysiphales on apple, 
rose, grape, poa, wheat, potato, pea and zinnia, which are 
important in Washington state. 
Harsh et al. (1992) described powdery mildew diseases on 
10 trees species from Madhya Pradesh. The mildew on Acacia 
auriculaeformis {A. auriculiformis) (caused by Acrosporium 
Oidium), Bauhinia vahlii (caused by Phyllactinia guttata) and 
Butea monosperma (caused by Erysiphe polygoni) are reported for 
the first time in India and 5 others were new records for Madhya 
Pradesh. Disease on the other 7 tree species were: Phyllactinia 
guttata on Cassia fistula (a new record for Madhya Pradesh), 
Dalbergia sissoo, Schrebera swietenioides (a new record for 
Madhya Pradesh), Terminalia arjuna (a new record for Madhya 
Pradesh) and Toona ciliata (a new record for Madhya Pradesh), 
Erysiphe cichoracearum on Mangifera indica (a new record for 
Madhya Pradesh) and Uncinulla tectonae on Tectona grandis. 
Corbaz (1992) reported the presence of powdery mildews on 
cucurbitaceae on French and Italian speaking parts of Switzerland. 
Based on conidial germination, 26 occurrences of powdery mildew 
on cucurbitacae were recorded. Erysiphe cichoracearum occurred 
most frequently. Sphaerotheca fuliginea was found both in the 
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field and green house. Occasionally, both pathogens were found on 
the same plant. 
Hosagoundar et al. (1992) collected five species of powdery 
rnildew from Coimbatore and Nilgiris districts of Tamil Nadu. Of 
these, Oidium grewiicola, 0. Jatrophae, 0. manihoticola and 0. 
Iribuli were new species. Uncinulla religiosa T.S. Ramakrishnan 
has been illustrated and a detailed description is provided. 
Hussam et al. (1992) reported from Aligarh and adjoining 
areas five species of powdery mildew belonging to two-genera on 
12-hosts. These species were, Erysiphe cichoracearum DC. on 
Helianthus annuus L., Dahlia variabilis Desf., and Zinnia elegans 
Facq. (Fam. Compositae). Sphaerotheca fuliginea on Solanum 
melongena L. (Solanaceae), Erysiphe umbelliferearum de Bery on 
Foenicullum vulgare, Corriandrum sativum and Daucus carrota 
(Umbelliferae). Erysiphe cichoracearum DC. on Malva sylvestris 
L. (Malvaceae), Erysiphe polygoni DC. on Chenopodium 
ambrosoides L. (Chenopidiaceae) Sphaerotheca euphorbiae (Cast) 
Salon, on Croton sparsiflorus (Euphorbiaceae) and E. polygoni 
DC. on Brassica rapa and Brassica compestris (Cruciferae). 
Azamat-ullah et al. (1992) during a survey of cucurbit 
powdery mildew in upper Gangetic plains and hilly areas in Uttar 
Pradesh m Northern India indicated that the disease was prevalent 
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throughout the region. Of the 14 cultivated and 3 wild cucurbits, 
11 cultivated and all 3 wild ones were found to be infected. Three 
of them, viz., Citrullus lanatus var. fistulosus, Momordica 
charantia, Trichosanthes cucumerina showed some degree of 
resistance. The disease was more severe during March to May and 
Sept. to Nov., mild to moderate during Dec. to Feb. and altogether 
absent during June to August. Perithecia of Erysiphe 
cichoracearum DC were observed during Dec. to Feb. only on 
Coccinia cordifoUa and Benincasa hispida. 
Powdery mildew of cucurbits caused by Sphaerotheca 
fuliginea (Schlecht: Fr.) Poll, occurs annually on muskmelons, 
pumpkins and squash in India. Most observations of S. fuliginea in 
the U.S.A. involve the conidial stage, and reports of the sexual 
stages are rare. Cleistothecia containing a single ascus with eight 
ascospores were observed by Latin (1993) on pumpkin leaves and 
petioles in two fields in mid September 1992. The fields were 
located in Central and North-Western India and were heavily 
infested at the time cleistothecia were observed. Powdery mildew 
was detected initially in both fields approximately 6 weeks earlier, 
but no cleistothecia were observed at the time. This is the first 
published report of the sexual stage of S. fuliginea in India. The 
presence of cleistothecia suggests that the pathogen may perennate 
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on crop residue in mid western states and that initial out breaks 
each summer are caused by endemic strains of the pathogen. The 
existence of indigenous, genetically diverse populations of 
Sphaerotheca fuliginea may help explain regional differences in 
the efficacy of triadimefon (Bayleton) for control of powdery 
mildew. 
Khan and Sharma (1993) made an analysis of a large number 
of isolates of Sphaerotheca fuliginea collected from different 
cucurbits showed occurrence of three races in most of the agro-
ecological zones of India. Race 3 was most widespread and 
infected most of the cultivated cucurbits in the states, Andhra 
Pradesh, Assam, Bihar, Himachal Pradesh, Karnataka, Madhya 
Prades, Rajasthan, Tamil Nadu, Uttar Pradesh and Delhi. Race 3 
was restricted to green-melon, Citrullus vulgaris var. fistulosus 
and Race 1 to sponge gourd, Luffa cylindrica, C. vulgaris var. 
fistulosus and Cucumis sativus were proposed as differential hosts 
for identification of three races of S. fuliginea isolated from 
cucurbits. 
Takashi et al. (1993) described the powdery mildew of 
Wasabi {Eutrema wasabi Maxim.) as Erysiphe cruciferarum Opiz 
ex Junell {Oidium sp.) on the basis of observations that the 
formation of conidia was normally low, but occasionally abundant. 
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Conidia were cylindric, measuring 32.0 - 51.6 x 13.6 - 23.2 |im 
without fibrosin bodies. Conidia were borne singly or straight on 
erect conidiophores with cylindrical root-cells. Lobed appressoria 
were formed on short germ tubes at the end of conidia. No 
cleistothecium was observed. That was also pathogenic on other 
species of Brassicaceae. 
Prakash et al. (1994) reported that rhizosphere mycoflora of 
Dahlia variabilis, Dimorphotheca sinuata and Helianthus annuus 
were infected with powdery mildew Erysiphe cichoracearum DC. 
ex. Merat. Quantitatively more fungal populations were recorded 
from the rhizosphere of diseased plants, in comparison to healthy 
plants. Aspergillus niger, Botrytis cinerea, Rhizopus spp. 
Trichoderma viridae from {D. variabilis); Collectotrichum sp., 
Mucor sp., Penicillium spinulosum (from D. sinuata). A. flavus, P. 
spp; R. arrhizus and R. oryzea (from Helianthus annuus) were 
isolated from the rhizosphere of diseased plants. While Fusarium 
oxyspurium, P. spp. (from Dahlia variabilis), Cladosporium 
elatuni (from D. simita); F. oxysporium and Sclerotinia rolfsii 
(from H. annuus) from the rhizosphere of healthy plants. 
Belanger and Jarvis (1994) in the separate locations in the 
province of Quebec, Canada reported the powdery mildew on 
green house tomatoes {Lycopersicon esculentum Mill.). The 
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pathogen was observed on cvs. Capello and Trust from the areas of 
Montreal, Quebec city and Lac St-Jean, each geographically 
separated by atleast 250 km (150 miles). White powdery mildew 
postulates developed on the upper surface of the leaf and were 
mere frequent on mature than on young leaves. Individual lesions 
were somewhat circular but sometimes merged to cover large areas 
of the leaf surface. Cleistothecia were absent. Development of the 
disease was confined to certain areas within each green house but 
was extensive enough to have warranted chemical control had only 
been registered. Artificial inoculations on healthy tomato plants 
produced typical signs of the disease. On the basis of the conidial 
characters, the fungus was identified as Erysiphe sp, either E. 
orontii cast, or E. cichoracearum DC. It clearly differed from 
LeveiUula taurica another common powdery mildew on tomato 
prevalent in warmer countries. This is the first report of Erysiphe 
on mature tomato plants in North America. 
Gupta and Srivastava (1994) reported from Sikkim (India) 
that powdery mildews were shown to be widely prevalent in state, 
affecting economically important crops. The causal organisms 
were mostly confined to the Erysiphaceae. 
Saenz (1994) reported that cleistothecia were absent. 
Pathogenicity was established by gently pressing diseased leaves 
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of the San Joaquin Valley sample against adaxial sides of leaves of 
two months old parsley plants. 20 plants of both plain leaf (cv. 
Italian plain) and curled (cv. Extra curly) cultivars were 
inoculated. Inoculated plants were incubated in a moist chamber 
for 48 hours and then maintained in a green house. After 4 weeks, 
powdery mildew developed on both cultivars and symptoms were 
identical to those of diseased plants collected from commercial 
fields. For cv. Italian plains, 12 to 20 plants become infected. This 
was the first report of powdery mildew on parsley in California. 
While the source of inoculum was unknown, Erysiphe heraclei was 
observed on another host, carrot {Daiicus carota L.), which was 
grown extensively in the same area of the Salinas Valley as 
parsely. 
Khan and Sharma (1995) described taxonomic evaluation of 
anamorph characters in identification of powdery mildew fungi on 
cucurbits from nine states in India. Characteristics of anamorph of 
Sphaerotheca fuliginea and Erysiphe cichoracearum were 
examined from a large number of cucurbits, conidial shapes, 
presence of fibrosin bodies in conidia, condial dimensions and 
length/breadth index, morphology of germ tubes and point of their 
origin and development of appressoria were consistent characters, 
irrespective of cucurbit host and locality. The characteristics were 
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of great taxonomic importance and can be reliably used in 
identification of the species. 
Ahmad el al. (1995) from Northern India described and 
illustrated Microsphaera flacoultiae sp. nov., Uncinulla 
peristlphes sp. nov. and Pleochaeta indica sp. nov. collected on 
Flacourtia sepiaria, Peristrophe bicalyculata and Celtis caucasia 
respectively. 
Hussain and Akram (1995) reported Erysiphe cichoracearum 
from cosmos, sunflower and cucumber infects 11 species out of 33 
species of eight families studied. Isolates of cosmos and sunflower 
are restricted to the family Asteraceae, while those of cucumber to 
cucurbitaceae only. None of these isolate cross-infect the species 
of other families. 
Sobti et al. (1996), during rabi (March-April) 1990-92, 
conducted field studies in the commercial rose production area in 
the Pushkar valley of Rajasthan, India, to determine the effect of 
powdery mildew (caused by Sphaerotheca pannosa var. rosae) on 
fresh flower yield of rose. Healthy rose plants were maintained by 
spraying Karathane Ec (dinocarp) at 0 .1% at 7-d intervals and 
equal number of plants in different disease categories were tagged 
under natural conditions of disease development before harvesting 
the flowers. Disease intensity was recorded on a 1-7 rating scale. 
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Data revealed that there was a significant reduction in flower yield 
in disease categories 4-7 (24.19-56.39% yield loss) compared with 
the healthy check. 
Bagyanarayana et al. (1996) made a systematic study of the 
powdery mildew {Erysiphales) of Andhra Pradesh. Nine species 
belonging to the genus Oidium Link., two species of Erysiphe 
Hedw.f. ex D C , Phyllactinia Lev; and one species each of 
Microsphaera Lev. Sphaerotheca Lev; and Uncinulla Lev. were 
recorded in this paper, Oidium abrusii and 0. erythrinii were 
described as new taxa. Microsphaera trifolii is being reported for 
the first time from India. Erysiphe cruciferarum, E. galeosidis, 
Oidium cassiae-siameas, 0. ipmoceae and Phyllactinia 
ihirumalachavii were new records from South India. 0. 
azadirachtae, 0. carneum, O. clitoriae, 0. ocimi and Uncinula 
tectonae were new records for Andhra Pradesh. Jatropa 
gossypifolia forms an additional host record for Sphaerotheca 
euphorbiae. Phyllactinia guttata is being reported on Cassia 
fistula which becomes a new host record from India for this 
pathogen. 
Rankovic et al. (1996) carried out a search for powdery 
mildew agents present in central, west and east Serbia during 
1986-1995. A total of 27 species of the genus Erysiphe were 
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observed causing powdery mildews on 123 plant species. 20 of the 
identified fungal species were recorded for the first time in Serbia 
and powdery mildews were newly recorded on 83 host plant 
species. 
Hussain and Akram (1997) during their studies determine the 
distribution pattern and identity of powdery mildews associated 
v/ith ornamental crops in the districts of Agra division in U.P. 
(India) reported that most of the composites were infected in one 
or the other locality in the study area of the state which severely 
affect crop. Dimorphotheca sinuata and Zinnia elegans were 
conspicuous in being disease-free in rest of the localities surveyed 
except Aligarh and Mathura districts. Utilizing anamorph 
characters due to the absence of telomorph state, the species 
responsible for the disease in the state were identified as Erysiphe 
cichoracearum and Sphaerotheca fuliginea, E. cichoracearnm was 
widespread causing the disease on Chrysanthemum coranarium, 
Cosmos sulphureus, Dahlia variabilis, Helianthus annuus, 
Xanthium strumarium and Zinnia elegans whereas Sphaerotheca 
fuliginea was confined to Calendula officinalis, Dimorphotheca 
sinuata and Eclipta alba. The identity situation of the species 
causing the disease and their pathogenecity spectrum in the state 
are similar to several other states in India. 
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Koike and Saenz (1997) ob"s"5T¥e^ powdery mildew on 
commercial field and green house grown plants during summer 
months in the Salinas valley (Monterey country) in California. The 
fungus was identified as Erysiphe cruciferarum Opiz ex Junell. 
Pathogenecity was demonstrated by gently pressing infected leaves 
having abundant sporulation on to the leaves of potted brocolii 
raab (cv. Spring Raab), incubating the plants in a moist chamber 
for 48 hours and then maintaining plants in a green house. After 
10-13 days, powdery mildew colonies developed on the test plants. 
Uninoculated control plants did not develop powdery mildew. 
V^ith the same procedure of inoculation, potted broccoli {Brassica 
oleraceae sub sp. botrytis cv. Green belt) also become infected by 
the broccoli raab isolates. This was the first report characterizing 
this pathogen on broccoli raab in the state. Disease incidence and 
severity in field planted crops were low, but green house grown 
plants become severely infected. 
Ahmad et al. (1998) described Podosphaera clandestine var. 
cydonia var. nov., Seteorysiphe kashmiriensis sp. nov. and 
Brasiliomyces kumaonensis sp. nov., on Cydonia oblonga, 
Sambucens wightiana and Quercus sp., respectively from Northern 
India. 
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Khare et al. (1998) reported the epidemiology of powdery 
mildew of Mung bean in Chhatisgarh region of Madhya Pradesh. 
The powdery mildew appeared at 32-days after sowing in two 
years on susceptible variety PS-16 and it first appeared at flower 
initiation stage in remaining varieties used in the study. Similarly, 
the apparent rate of disease development was also more during 
50% flowering to pod initiation state. The disease severity was 
positively correlated with maximum temperature in all the 
varieties while only in some varieties with minimum temperature. 
Non-significant correlation between disease severity and relative 
humidity was found in all varieties whereas some varieties show 
positive and significant correlation with sunshine. The powdery 
mildew incidence reduced grain yield of a susceptible variety PS-
16 significantly compared with other varieties. This is because PS-
16 got infected at the vegetative stage while other varieties 
showed symptoms at much later stage. Because of late infection 
the grain yield of the remaining varieties was not affected. 
Hagiwara et al. (1998) described powdery mildew of 
perennial statice (Limonium sp.) in Mic and Oita prefecture, Japan 
during autumn 1997. Many white, powdery mycelial colonies 
appeared on leaves, stems and branches of the plants. The fungus 
successfully caused disease on perennial statice after artificial 
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inoculation, but not on Limonium sinnuatum. Conidia were 
cylindrical, (29-) 36-54 (-62) x 14-20 |im in size, formed singly on 
conidiophores straightly erect on the aerial mycelium. Lobed 
appressoria differentiated on the germ-tubes from conidia. No 
cleistothecia were observed. On the basis of the morphological 
characters of the conidial stage, the fungus was found to be an 
Oidium sp. of the Erysiphe polygoni type. 
Plotnikova et al. (1998) reported powdery mildew 
(Erysiphales) infection of Arabidopsis thaliana in the green house 
of the Department of Molecular Biology at Massachusetts General 
Hospital (MGH isolate). The structure of the anamorph, the 
sequence and chronology of its development, and its virulence on 
A. thaliana and other hosts were investigated. The teleomorph of 
the fungus was not found on the material examined. The MGH 
isolate caused severe powdery mildew symptoms on some A. 
thaliana accessions infecting rosette and cauline leaves, stems and 
siliques, but was practically avirulent on others. Previously, 2 
Erysiphales have been reported to infect A. thaliana. These were 
identified as Erysiphe cichoracearum (UCSC isolate) and E. 
cruciferarum (UEA isolate). The MGH isolate was found to be a 
member of the E. cichoracearum group in the section 
Golovinomyces. It can be distinguished from both of these 
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previously described powdery mildews of A. thaliana based on the 
morphology, host range and virulence. It might be best referred to 
as E. orontii following the system proposed by Braun. 
Ausubel and Plotnikova (1998), powdery mildew {Erysiphe 
cichuracearum) development was investigated in Arabidopsis 
thaliana mutants and ecotypes that differed in their resistance to 
this disease. The fungus germinated on the leaves and stems, and 
formed appressoria, superficial mycelium, haustoria and 
conidiophores with conidia (the main propagules of the 
pathogens). The timing of fungal organ formation was determined. 
A method for disease susceptibility evaluation was developed 
based on the incubation period and host pathogen relationship 
establishment rate. 
Patil and Mahamulkar (1999) presented 9 taxa (7 species and 
2 varieties) of powdery mildew fungi belonging to 5 genera. These 
v^ere viz., Cystotheca indica sp. nov. on Caloiphyllum apetalum 
v^illd., C. vignae sp. nov. on Vigna khandalensis (Sant.) Ragh. and 
Vl^ath., Erysiphe cichoracearum DC ex Merat on Tricholepis 
radicans D C , Erysiphe cichoracearum DC. ex merat var. 
Luvungae sp. nov. on Luvunga sp., E. communis DC on Butea 
monosperma (Lam.) Taub., Phyllactinia acaciae Blumer on 
Accacia farnesiana Willd., P. dalbergiae Pirozynski on Dalbergia 
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lalifolia Roxb., D. obtuse Roxb. and D. rubiginosa Roxb., 
Pleochaet shiraiana kimbre and korf on Celtis cinnamomea lindl. 
and llncinulla aspera Diodge var. aspera U. Braun on Ficus 
religiosa L. Out of these 9 taxa, 2 sp. and 1 var. are new and 
remaining species are either new to the states (M.S. and M.P.) or 
hitherto recorded on unreported host plants. 
Kristkova and Lebeda (1999) reported that in 1995, 166 
samples of Cucurbita pepo and C. maxima leaves showing 
symptoms of powdery mildew were collected in 30 field locations 
in the Czech Republic. Erysiphe cichoracearum was found in all 
samples. The mixture of both pathogens was detected at 9 of 30 
locations. Sphaerotheca fuliginea was common predominantly in 
the cooler northern parts of the country, but it did not occur in the 
warmest regions of South Moravia. There, throughout the growing 
period, E. cichoracearum was not replaced by .S". fuliginea. The 
appearance of S. fuliginea in several northern regions can be 
explained by possible mycelium surviving in glass houses, but its 
absence in the South under comparable conditions was difficult to 
explain. The distribution of both pathogens seems to be different 
from the situation reported Western Europe and other similar 
climatic areas of the world. These results highlight the importance 
of both pathogens in the Czech Republic and should be taken in 
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consideration during cucurbita breeding and disease resistance 
research. 
Singh et al. (2000) studied the early development of 
Erysiphe pisi (powdery mildew) on normal peas (with 
chlorophyll), natural albino mutants (without chlorophyll) and on 
chimeric leaves of pea induced by ethyl methane sulphonate 
(EMS) under different light exposures. Different light regimes 
[continuous light, continuous darkness, shot-day (8h light/16h 
darkness), long day (16h light/8h darkness)] did not influence the 
early development of E. pisi on pea leaves. However, under 
continuous darkness a lower number of haustoria was observed in 
comparison with other treatments. E. pisi failed to develop on 
naturally developed complete albino leaves as well as on the 
albino parts of the chimeric leaves induced by EMS treatment. A 
lesser number of appressoria and haustoria was observed on albino 
leaves. Results suggest that the presence of some non diffusible 
chemicals in normal leaves of pea was essential for the 
establishment of successful biotrophy. 
Ali et al. (2000) presented a list of 59 species of Erysiphales 
found m the city of Leipzig (Sanony). This rather high species 
number comprises about 58% of all Erysiphales reported for 
Germany and indicates that these fungi have a preference for 
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synanthropic habitats. The species spectrum has been remarkably 
changed in the past. On one hand 12 species were introduced to 
Leipzig (neomycetes), on the other hand Phyllactinia roboris and 
Uncinula clandestine must be considered as extinct. Microsphaera 
rayssiae on Baptisia australis was new for Germany and the plants 
Koeleria cancasica, Psathyrostachys juncea [hosts of Blumeria 
graminis {Erysiphe graminis)], heliopsis helianthoides, Tanacetum 
tianuschanicum (hosts of Erysiphe cichoracearum), Chionantus 
virginicus (hosts of Phyllactinia fraxini), Gaura parviflora (host 
of E. howeana) and Halimodendron halodendron (host of Oidium 
sp.) were reported for the first time as hosts of powdery mildews 
for Europe. 
Wolcan and Ronco (2000) reported that in 1995 powdery 
mildew was observed on Aster ericoides in Buenos Aires, 
Argentina. The casual organism was isolated and identified as 
Erysiphe cichoracearum. This was the first report of E. 
cichoracearum on health aster in Argentina. 
Khodaparast et al. (2000) reported that surveys were carried 
out to determine species composition and host range of powdery 
mildews (Erysiphaceae) in Gilan province, Iran 27 taxa were 
identified. Among them Erysiphe circaeae, E. punicae, E. urticae, 
Microsphaera erlangshanensis, M. multappendicis, M. trifolii and 
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Podosphaera clandestine var. Cydonia were new to Iran. 
Parietana officinalis and Phuopsis stylose were new hosts for 
Phyllactinia guttata and Erysiphe galii, respectively. 18 other 
taxa, viz. E. aquilegiae, E. biocellata, E. cichoracearum, E. 
cruciferarum, E. galerpsidis, E. heraclei, E. lycopsidis, E. pisi, E. 
polygoni, E. sordida, M. alhagi, M. astragali, Sawadaea bicornis, 
Sphaerotheca fusca, S. plantaginis, Uncinula adunca, U. 
clandestine and U. prunastri, have already been recorded from 
Iran. 
Kucera and Viktor (2000-2001) recorded 42 taxa of powdery 
mildew (Erysiphales) in the valley of river Vydrica (Male Karpaty 
Mts.). Arthrocladiella (1), Blumeria (1), Erysiphe (20), 
Microsphaera (9), Phyllactinia (2), Podosphaera (1), Sawadaea (2), 
Sphaerotheca (4), Uncinula (1), and one anamorph in Oidium (1), 
Variability of biometric characters of cleistothecia, asci, 
ascospores, conidia were presented. Listed species were associated 
with 84 taxa of vascular plants; 4 of them represent new host 
plants for powdery mildews in Slovakia. 
Singh et al. (2001) reported that the conidia oi Erysiphe pisi, 
which incite powdery mildew in pea {Pisum sativum) germinated 
by uni or bipolar germtubes either with one or many with a 
maximum of 6. The mode of germination depends on the surface 
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i.e., dead or living and also on varying degree of resistance in pea 
cultivars. In the present experiment, 21 cultivars of pea, which had 
varying degree of resistance were used to see the mode of 
germination of E. pisi conidia on their leaves in vitro. Each 
cultivar exhibited different reaction in the mode of germination 
and based on this observation, a technique has been developed to 
identify resistance/susceptibility of the cultivars which will help 
farmers for its adoption in their farming. 
Silva et al. (2001) described the etiology of powdery mildew 
disease of Eucalypts. Isolates of Oidium sp. from Eucalyptus 
pellita were compared to Erysiphe cichoracearum obtained from 
Dahlia spp. and Sphaerotheca pannosa from Rosa spp. Based on 
the morphological characteristics of the anamorph, it was 
concluded that the oidium isolate from Eucalypts was similar to 
the isolate from rose identified as S. pannosa. Inoculations of 
oidium isolates from all studies host species showed that S. 
pannosa obtained from Eucalypts and rose and E. cichoracearum 
from Dahlia species were pathogenic to seedlings of Eucalyptus 
pellita, one of the most susceptible species to the pathogen, under 
green house conditions. 
Kiss et al. (2001) reported the powdery mildew {Erysiphe 
sedi) on Sedum spectabile in North America. 
64 
Mohan et al. (2001) reported the powdery mildew caused by 
Erysiphe pisi on alfalfa in Idaho and Oregon. 
Havrylenko (2001) collected 6 interesting species of 
powdery mildews, Erysiphe hyperici, E. myzodendri, E. syringae, 
E. trifolii, E. cichoracearum and E. Valerianae in the Patagonina 
Andes of Argentina. E. myzodendri, a new to Argentina, has been 
collected from a new host {Misodendrum linearifolium). E. 
syringae was new to Patagonia, and the endemic species 
Macrachaenium gracile was a new host of £". cichoracearum. 
Lebede et al. (2001) recorded the symptoms of powdery 
mildew infections on a group of 15 Utricularia species cultivated 
in a glasshouse. A white superficial mycelium formed rings around 
the penduncles and also occurred on both sides of the leaves of 
several species. The microscopic examination proved that the 
fungus belonged to the powdery mildews- Erysiphales, only the 
anamorph was observed. Its morphological characters were typical 
powdery mildews from the tribe Cystotheceae. Conidia were able 
to cause infections on cotyledons of susceptible Cucumis sativus 
cv. Stela Ft. Based on all observations, it was very probable that 
fungus belong to the genus Sphaerotheca. This was the first report 
of a powdery mildew on Utricularia spp. and the family 
Lentibulariaceae. 
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Spundova et al. (2002) studied the effect of two biotrophic 
cucumber powdery mildews viz., Erysiphe cichoracearum and 
Sphaerotheca fuliginea on the photosynthetic pigment content and 
chlorophyll (Chi) fluorescence parameters in cucumber {Cucumis 
sativus cv. Marketer) cotyledons within 35 days inoculation. No 
marked changes in the parameters measured were observed in the 
case of E. cichoracearum, hence the infection had no pronounced 
effect on the thylakoid function. A decrease in FV/FM, slowing 
down of the induction kinetic of fluorescence quenching 
coefficients qP and qN, and slower recovery of FV/FP after 
photoinhibitory treatment were observed in the case of S. 
fuliginea. The Chi and carotenoid content per leaf area, and Chi 
a/b and Chi (a+b)/Car (x+c) ratios were slightly lower in these 
cotyledons. The results showed that infection by S. fuliginea 
accelerates cotyledon senescence, reduces the function of 
photosystem II, inhibits the electron and proton transfer processes, 
and a slow regeneration from photoinhibition. 
Balakhonenkov and Puzanova (2002) reported that powdery 
mildew {Erysiphe cichoracearum) was found for the first time on 
potato in the Kuban region, Southern Russia, in 1973. it spread 
into the central zone of the Kranodar region in 1989. Local 
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cultivars Nevski and i^ 301; Zhukovski & 7^  301; ranni & 7^  301; 
Zov, Lira and Lugovskov & 7^  301; were free from infection. 
Trusevich et al. (2002) reported the occurrence of root rots, 
leaf necrosis, powdery mildew {Erysiphe cichoracearum), virus 
diseases (particularly cucumber green mottle mosaic tobamovirus) 
and gall nematodes on green house cucumbers in Russia, casual 
agents are outlined of roots rots, such as Fusarium spp. especially 
F, moniliforme {Gibberella fujikuroi), Pythium debaryanum, P. 
iiltimum, Sclerotinia sclerotiorum, collectotrichum lagenartum (C. 
orbiculare) and Ascochyta cucumis {Didymella bryoniae). 
Recommendations are provided for plant disease control including 
use of trichlodermin (Trichoderma viridie) and fungicides, 
especially Ridomil (metalaxyl), and use of resistant cultivars (such 
as TSKHA 575 hybrid). 
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Every year a considerable damage is reported caused by the 
disease powdery mildew on a large number of economically 
important members of the families Asteraceae, Rosaceae, 
IPapilionaceae and polygonaceae. The review of literature clearly 
explains that the little attempt has been made to study the casual 
organism of the powdery mildews systematically on different 
members of these families. Moreover, an attempt is made to know 
about the factors affecting the disease development. Hence the 
following aspects have been studied: 
1. Occurrence of powdery mildew of some economically 
important plants in different geographic regions of the 
world in general, especially J & K. 
2. Identity of the casual organisms. 
3. a. Values of anamorph (conidial) characters to ascertain the 
identity of the pathogen/pathogens, 
b. Identity of the pathogen/pathogens in the absence of the 
teleomorph (perithecial) state. 
MATERIALS 
AND 
METHODS 
MATERIALS AND METHODS 
The different materials used and methods employed to 
investigate the proposed aspects of the ^study are generalised 
below; 
Survey 
Survey for the incidence of powdery mildew was conducted 
at different localities in Srinagar, Anantnag, Baramulla and 
Kupwara districts of Jammu and Kashmir. The severity of powdery 
mildew was graded as under:-
No infection (-) = No visible disease symptoms. 
Mild infection (+) = A few pustules, small in size and scattered. 
Moderate infection (++) = Many pustules, larger in size tending to 
coalesce. 
Severe infection (+++) = Big pustules covering almost the entire 
leaf area. 
Collection, identity and maintenance of pathogens 
Powdery mildew samples were collected during surveys 
conducted in the different localities of the Srinagar, Anantnag, 
Baramulla and Kupwara districts of Kashmir valley (J&K). Five to 
ten samples of each of the host plants encountered during the 
surveys were collected at random from each of the available field 
plots, gardens, lawns, farm-fields, orchards or other cultivation 
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units in a locality. Aerial parts of the plants, mainly leaves 
comprised the samples. Each sample was packed separately in 
polythene bags and marked to indicate the crop, location, date of 
collection etc; and brought to the laboratory. All the samples were 
closely examined for studying the characteristics of symptoms on 
the hosts and they were recorded. Conidia and mycelia were 
examined under the microscope for anamorph characters in the 
absence of perithecia. These characters include the colour of 
mycelium in older pustules (Rodigin, 1936 and Yarwood, 1957), 
shape of conidia (Alcorn, 1968); presence and absence of fibrosin 
bodies (Homma, 1937; Clare, 1958, 1964; Kable and Ballantyne, 
1963 and Jhooty, 1967); and type of germ tube (Hirata, 1942, 
1955; Kable and Ballantyne, 1963 and Zaracovitis, 1965) and 
conidial measurements (Bouwens, 1924, 1927). At least 200 
condia were measured to determined the size i.e., length and 
width. The shape of conidia was also observed under microscope 
whether they are ellipsoidal, cylindrical, barrel, oblong, ovoid, 
lanceolate, clavate, pyriform or rhomboid. 
In order to ascertain the presence or absence of fibrosin 
bodies in conidia collected from different localities these were 
mounted in 3% aq. KOH solution (Kable and Ballantyne, 1963) 
and observed under microscope. 
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To determine the type of germ tube and appressoria conidia 
were dusted over dry, clean glass slides placed on glass triangles 
in a sterilized petridish containing double distilled water at the 
bottom, which were transformed to B.O.D. incubator running at 
17-22°C. After 24 hours, conidia were stained in cotton-blue and 
mounted in lactophenol to observe the type of germtube i.e., 
simple and straight, simple and flexuous, branched, forked and 
broadened, coiled, double broadened etc; and length viz; long, 
moderately long or short and place of emergence of germtubes on 
the conidia; and percentage of germinating conidia. Type of 
appressoria were also determined whether they are lobed, unlobed 
or double. 
In order to maintain the inoculum for further studies, 
seedlings of the respective hosts in the cotyledonous stage or at 3-
4 leaf stage grown in autoclaved soil of composition 7:3:1, clay : 
sand : compost, respectively contained in 6 inches clay pots were 
inoculated. For inoculation dusting of conidia was done (Schemitt, 
1955). The inoculated plants were kept in separate glasshouse 
chambers at 1 7 - 2 2 ^ in order to avoid mixing of inocula. Plants 
v^ere regularly examined for the appearance and the development 
of disease. 
7] 
Host-range and varietal resistance 
To study the host-range and varietal resistance, mature 
plants and seedlings (in the cotyledonous 3-4 leaf stage) of various 
plants belonging to the families Asteraceae, Rosaceae, 
Paplionaceae and Polyganaceae and different cultivars raised from 
surface sterilized seeds grown in autoclaved soil were inoculated 
with respective casual organism by dry dusting technique. Studies 
were carried out in pots as well as in field and were repeated with 
different isolates of powdery mildews. 
For the pot studies, inoculated plats were transferred to 
glasshouse and temperature was recorded. On the other hand, for 
field trials inoculated plants were transferred with entire soil to 
pits earlier dug at a distance of 8-12 ft. Healthy seedlings were 
transferred in the same way to serve as control. Temperature in 
field was recorded regularly. 
After 20-days of inoculation, the intensity of disease was 
rated, the overall rating was categorised as; 
Resistant [R] = Mildew fail to appear 
Susceptible [S] = Mildew appeared 
Similar inoculation tests were made on detached leaves or 
leaf-discs for studying the varietal response of different cultivars 
of the hosts of families Asteraceae, Rosaceae, Papilionaceae and 
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Polyganaceae (Morrison, 1960, 1964). Leaves were removed from 
the uppermost nodes of uninfected plants grown in 6 inches clay 
pots. Leaf discs were cut with 1 cm diameter sterilized cork-borer 
and floated on water in petridishes. On the other hand, detached 
leaves were placed on glass triangles in a petridish with petioles 
dipped in water. They were inoculated with conidia. 
Observations on disease intensity were made daily for two to 
three weeks after inoculations. The following numerical ratings for 
disease intensity were used (Wheeler, 1969). 
Grade Description Infection 
rating 
Highly resistant Plants completely free from 0 
infection. 
Resistant Mycelium developing patches 1 
disappearing later or at best 
covering 1-25 percent leaf area. 
Moderately Mycelium developing both on 2 
resistant leaves and stem covering 25-50 
percent leaf area. 
Susceptible Many small colonies appearing, 3 
later coalescing and covering 65-
75 percent leaf area, mycelium 
developing on stem as well. 
Highly Entire plant covered by mildew 4 
susceptible uniformly 
Percentage disease index will be calculated as follows: 
Total numerical rating 
Percentage disease = x lOO 
index Total leaves examined x Maximum rating 
In each case uninoculated plants will serve as control. 
RESULTS 
RESULTS 
A survey was carried out at different localities in the district 
Kupwara, Baramulla, Srinagar and Anantnag of the Kashmir valley 
in Jammu and Kashmir to determine the incidence and severity of 
powdery mildew on different members of the family Asteraceae, 
Rosaceae, Papilionaceae and Polygonaceae. Results presented in 
the table 1 to 16 and figures show that different members both 
wild as well as cultivated of these families were found to be 
attacked by powdery mildew. The disease intensity on the different 
families showed a variation among the localities. These members 
were Chrysanthenum, Lactuca, Rudbecktia, Helianthus annuus. 
Taraxacum officinales, Xanthium stromarium, Zinnea elegans, 
Calendula officinales, Dahlia and Siegesbeckia orientalis of 
family Asteraceae and Rosa indica, Filipendula vestita and Pyrus 
malus of family Rosaceae whereas Phaseolus acanitifolis, 
Phaseolus aureus, Phaseolus vulgaris, Pisum sativum and Robina 
pseudoaccasia of family Papilionaceae and Polygonum aviculace. 
Polygonum heterophyllum. Polygonum patientia and Rumex 
napalensis of family Polygonaceae. 
The survey was conducted from June to October when the 
conditions were found favourable for the disease. 
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Detailed results of the different localities of the different 
districts are given as under: 
Kupwara: The different localities where survey was carried out 
were Kupwara, Handwara, Langate, Kralgund, Qalamabad and 
Mawer. It was noticed that heavy infection was observed at 
Kupwara and Handwara localities on the surveyed members of the 
family Asteraceae whereas moderate infection was seen in Langate 
and Kralgund localities and mild infection at Qalamabad and 
Mawer localities. The higher percentage in incidence was observed 
on Zinnia elegans (80.8) and Helianthus annuus (80.0) whereas 
Lactuca shows lower incidence (40.0). It was also observed that 
Helianthus annuus was almost found infected in all the localities 
of the district. 
In case of family Rosaceae moderate infection was observed 
in all localities except Qalamabad and Mawer, whereas, mild 
infection was observed on Pyrus malus in all localities. No 
infection was noticed in case of Filipendula vestita in all the 
localities where survey was carried out except at Handwara where 
there was mild infection during the late October. 
In case of family Papilionaceae mild infection was observed 
in all localities during studies on the members of the family. 
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In case of family Polygonaceae heavy infection was 
observed on Riimex nepalensis in all localities of the district and 
higher resistance or generally no infection was seen on the 
surveyed members of this family in all the localities. 
Rumex nepalensis (Polygonaceae) shows very high 
percentage of disease incidence (95.5) whereas higher (80 - 60) to 
moderate percentage (50 - 60) of disease incidence was observed 
on the all members of the family Asteraceae and Papilionaceae 
respectively. Very low disease incidence was noticed in case of 
Filipendula vestita of family Rosaceae. 
Baramulla: The different localities surveyed in this district were 
Baramulla, Sopore, Baba-Rishi, Tangmarg and Gulmarg. Among 
the surveyed members of the family Asteraceae, Rosaceae, 
Papolionaceae and Polygonaceae, it was found that members of the 
Asteraceae showed high infection than the members of the other 
families. Higher disease incidence was found in case of Xanthium 
strumarium (97%), Rumex nepalensis (95.5%), Helianthus annuus 
(90%)) and Dahlia sp. (80%)). The lowest disease incidence was 
found on Polygonum patientia (15%)) whereas, the rest of the 
members surveyed showed moderate disease incidence. Xanthium 
strumarium, Rudbecktia and Rumex nepalensis showed heavy 
infection almost in all localities, whereas, Polygonum patientia 
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and Phaseolus vulgaris were found free from infection except 
Gulmarg and Tangmarg respectively. 
The perithecial stage was also seen in case of Xanthium 
strumarium at Baba-Rishi locality. An ascus with 8-prominent 
ascospores was observed under the microscope while identifying 
the pathogen of the disease. 
Srinagar: In this district the survey was carried out in the 
Hazratbal (University Campus), Nageen, Nishat, Shalimar, Harwan 
and Cheshmishali localities. In the university campus during the 
identification work perithecial stages were observed on many 
members of the composites (Asteraceae) including 
Chrysanthenum, Rudbecktia and Xanthium strumarium. Heavy 
infection was observed on the members of the Asteraceae mainly 
Rudbecktia, X. strumarium and Dahlia sp. and on the Rumex 
nepalensis (Polygonaceae), whereas moderate infection was seen 
on the members of the family Rosaceae and Polygonaceae. The 
members of the family papilionaceae were found almost resistant 
or free from the infection. The disease intensity was also very high 
in case of X. strumarium (96,5), Rudbecktia (95.0), Rumex 
nepalensis (95.0), Zinnea elegans (90.0) and Dahlia sp. (88.0), 
except Robina pseudoaccasia (15.5), all members of the family 
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Papilionaceae were found free fr^im'^Hiigf^t.e, disease intensity is 
zero percent (0%). 
Anantnag: District Anantnag (Islamabad) known for its health 
rhizards (tourist places) throughout world was also taken under the 
survey. The localities where the survey was carried out were 
Anantnag, Pahalgam, Achabal and Verinag. During the survey 
except Rumex nepalensis (Polygonaceae) which was found 
severely infected by the powdery mildew, all other members of the 
family Asteraceae, Rosaceae, Polygonaceae and Papilionaceae 
showed mild to moderate infection. Rumex nepalensis showed 
severe infection and higher disease intensity (95.5) in all the 
localities of the district whereas Pyrus mains of Rosaceae was 
found free from disease in all the localities. The composites 
(Asteraceae) which were found heavily infected in the district 
Kupwara, Baramulla and Srinagar have comparatively shown lower 
infection in the district Anantnag. Among the surveyed members 
of the Asteraceae only Dahlia sp., Helianthus annuus, Xanthium 
strumarium have shown high disease intensity i.e, 72.5%, 70%, 
70%. respectively. Whereas Filipendula vestita (Rosaceae) and 
Pisum sativum (Popilionaceae) have showed lower intensity of the 
disease i.e., 10% and 18% respectively in all the localities of the 
district. 
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Fig. 1. Conidi^ of S. fuliginea 
Fig. 2. Conidia of S. fuliginea showing fibrosin bodies 
Fig. 3. Germinating conidia of S. fuliginea 
r Q Si:''' 
. » - # • 
.S> 
Fig. 4. A germinating conidium of S. fuliginea showing bifurcated 
germ-tube 
Fig. 5. Germinating conidia of Erysiphe showing simple germ-tube 
,»r" 
A. 
Fig. 6, 7 & 8. Leaves of Dahlia showing the patches of powdery 
mass caused by powdery mildew fungi. 

Fig. 9 & 10. Leaves of Xanthium strumarium showing the patches 
of powdery mildew fungi 

Ir 
f 
Fig. 13. Leaves of Rosa showing the patches of powdery mass 
caused by powdery mildew fungi. 
Fig. 14. Leaves of Filipendula vestita showing the patches of 
powdery mass caused by powdery mildew fungi. 

DISCUSSION 
DISCUSSION 
Powdery mildews have been known to take a heavy toll of 
various crops every year throughout the world. This is more true 
with India where little work has been carried out. In view of these 
facts, in the present investigation an attempt has been made to 
identify the powdery mildew and to assess the extent of losses 
caused by powdery mildew disease on the members of the families 
Asteraceae, Rosaceae, Papilionaceae and Polygonaceae. Although 
considerable work has been carried out on various aspects of 
cucurbit powdery mildews both in India and elsewhere (Blumer, 
1933; Nour, 1957; Clare, 1958; Vasudeva, 1960; Kable and 
Ballantyne, 1963; Jhooty, 1967; Kapoor, 1967; Khan et al., 1970, 
1974; Mathur et al., 1971). Hussain and Akram (1997, 1999), 
Perwez and Akram (2001) also carried out a considerable work on 
the various economically important members of the family 
Asteraceae in the Aligarh division of Uttar Pradesh state of India. 
Although causing a considerable damage on the various 
economically important plants in the Jammu and Kashmir state, 
unfortunately a little work has been carried out on the powdery 
mildews in the state (Khan and Khan, 1970, 1978; Khan et al., 
1974; Sharraa, 1978, 1986 and Sharma and Choudhary, 1980). 
Except the work of Sharma and Choudhary (1980) {Ocimum 
79 
sanctum L.) the whole work was confined on the cucurbits and no 
attention was given to the heavy damages caused by the powdery 
mildews on the members of various important families. It is with 
the aim in view that the present investigations were undertaken in 
order to carry out a thorough survey to assess the losses caused by 
the powdery mildews on the different members of the families 
Asteraceae, Rosaceae, Papilionaceae and Polygonaceae. 
The survey was carried out from the last week of June to mid 
October in various localities of many districts of the Kashmir 
valley (Table 1 to 12) when the symptoms of powdery mildew 
were observed in the all localities which were taken under survey. 
It is understandable that during this period both temperature and 
relative humidity were moderate and highly favourable for the 
development of disease. These findings are in accordance with the 
work done by the Levykh (1940), Minev (1957), Rossouw (1959), 
Schnathorst (1960), Morrison (1961, 1964), Malik et al. (1975), 
Khan (1974), Chen and Chen (1981), Hussain and Akram (1992), 
Perwez and Akram (2001) and Gupta et al. (2001). However, no 
infection was seen during the periods November to December and 
March to May probably because due to vary low temperature. 
Though attempts are made to search for perfect stages 
(pertithecia) on the infected plants, but in most cases they are not 
80 
recorded. Therefore, identification in such cases is based on 
conidial characters as suggested by Hirata (1942), Nour (1957), 
Clare (1958), Kable and Ballantyne (1963), Zaracovitis (1965), 
Blumer (1967), Kapoor (1967), Jhooty (1967) and Mathur et al. 
( I97L 1974). 
Taking in view of the asexual conidial characters to 
ascertain the identity of powdery mildew on Asteraceae viz. Z. 
elegans. Dahlia sps., H. annuus, Chrysanthemum it was confirmed 
as genus Erysiphe. Similar reports were also given by Mac Donald 
(1939), Baker and Locke (1946), Eliade and Eugenia (1975) and 
Groter and Bicker (1983) while on X. strumarium. Taraxacum 
officinale, Siegesbeckia orientalis. Calendula officinalis and 
Rudbecktia as Sphaerotheca. 
In case of Rosaceae Rosa indica and F. vestita were found 
attacked by Sphaerotheca whereas Pyrus malus by Erysiphe. The 
members Phaseolus aconitifolis, P. aureus, P. vulgaris, Pisum 
sativum and R. pseudoaccacia of family Papilionaceae were all 
found attacked by Erysiphe and the members of family 
Polygonaceae viz. Polygonum aviculare, P. heterophyllum, P. 
patientia and Rumex nepalensis the genus Erysiphe was recorded. 
Studies need further investigations on the following aspects 
which are in progress:-
81 
1. Environmental relationships in the powdery mildews 
2. Host-range and host-specialisation 
3. Varietal resistance 
4. Chemical control 
5. Biological control 
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